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Description 
[IMAGE CAPTURING DEVICE] 

Background of Invention 
[0001] Field of the Invention 

[0002] This invention generally relates to an image sensing de- 
vice, and more particularly to an image sensing device 
with microlenses. 

[0003] Description of Related Art 

[0004] Recently, because data processing speed and data storage 
capacity are greatly improved in an image capturing chip, 
the performance in graphic processing has been enhanced 
dramatically. Hence, image processing devices such as 
scanners, digital cameras, and digital camcorders become 
indispensable in our daily life. Further, those devices be- 
come smaller and smaller for our convenience. 

[0005] Generally, an optical scanner includes a light source on 

the chassis of the scanning module. The scanning module 
includes a set of reflectors, a lens and an image sensing 
device inside the chassis. The scanning module can scan 



documents one-on-one by linear transmission mecha- 
nism. Further, when a light source emits a light to the 
document, the image of the document can be formed on 
the image sensing device by focusing via the lens and re- 
flecting via the reflectors. The image sensing device can 
be a charge-coupled device (CCD) or a CMOS device. 
[0006] FIG. 1 is the side view of the scanning module of a con- 
ventional optical scanner. FIG. 2 shows the light path in 
the conventional scanning module. Referring to FIG. 1, the 
scanning module 100 includes a chassis 110, a light 
source 112, a plurality of reflectors 114, 116, and 118, a 
lens 120, and an image sensing device 122. The light 
source 112 can be a fluorescent lamp or an LED array on 
the top surface of the chassis 110. The light source 112 
emitsa light to a scan-pending document. The reflectors 
114, 116, and 118, the lens 120, and the image sensing 
device 122 are inside the chassis 110. When the light 
source 112 emits the light to the document, the image of 
the document is formed on the image sensing device 122 
by focusing via the lens 120 and reflecting via the reflec- 
tors 114, 116, and 118. Referring to FIG. 2, the distance 
SI between the document 10 and the lens 120 is the so- 
called object distance, while the distance S2 between the 



lens 120 and the image sensing device 122 is the so- 
called image distance. The amount of SI and S2 is the so- 
called total trace TT. The image of the document 10 is re- 
flected by the reflectors 114, 116, and 118 to project a 
light cone on the lens 120. Then the lens 120 focuses the 
image to form another light cone on the image sensing 
device 122. 

[0007] | t should be noted that the image sensing device includes 
a plurality of linear sensing cells (or sensing chips) 124, 
126. Each sensing cell represents a pixel. Hence, the more 
number of the sensing cells, the higher the resolution of 
the image sensing device per unit area. However, when 
the resolution is higher, the required luminous flux has to 
be increased in order to obtain a sharper image. The con- 
ventional way is to apply a plurality of microlenses 134 
and 136 on each sensing cell 124 and 126 to further fo- 
cus the image in order to increase the luminous flux. 

[0008] FIG. 2A is an enlarged view illustrating how the incident 
lights enter into the microlenses. Because the sensing 
cells 124 and 126 are linearly arranged and the outer area 
of the sensing cell 126 has a longer light path than the 
central area of the sensing cell 124, the incident light 
cannot enter into the microlens 136 at the outer area per- 



pendicularly. Instead, the incident light enters into the mi- 
crolens 136 at an incident angle. When the incident angle 
is larger than or equal to the total reflection angle, a por- 
tion of lights is totally reflected at the surface of the mi- 
crolens 136 or be deflected, and thus cannot enter into 
the sensing cell 126. Therefore, there is an insufficient lu- 
minous flux at the edge of the image. Further, after the 
incident light is further focused by the microlens 136, the 
luminous flux projected into the sensing cell increases. 
However, the light may shift slightly to affect the quality 
of the image. When the image distance S2 between the 
lens 120 and the image sensing device 122 is getting 
smaller, the possibility to total reflection at the two sides 
of the image sensing device 122 would become higher, 
which causes a serious image distortion to the image sig- 
nal of the document 10. 
Summary of Invention 

[0009] An object of the present invention is to provide a scanning 
module to improve the quality of the output signal of the 
image sensing device and to increase the luminous flux. 

[0010] The present invention provides a scanning module for 
scanning a document, comprising: a chassis; a light 
source on the chassis for emitting a light ray on the docu- 



ment; a plurality of reflectors inside the chassis; a lens in- 
side the chassis; an image sensing device inside the chas- 
sis, an image of the document being reflected by the plu- 
rality of reflectors and formed on the image sensing de- 
vice, the image sensing device including a plurality of 
sensing cells; and a plurality of microlenses on the plural- 
ity of sensing cells, each of the plurality of microlenses 
having a top surface and a bottom surface, the top surface 
having a plurality of notches as an input window for 
changing an incident angle of the light ray, the bottom 
surface having a plurality of round curves as an output 
window for further focusing the light ray. 

[0011] | n a preferred embodiment of the present invention, each 
of the plurality of notches may have a same slope or a dif- 
ferent slope, and the slopes decrease gradually from an 
outermost notch to an innermost notch. 

[0012] T ne present invention uses the non-semicircular mi- 
crolenses to guide the incident lights to enter into the mi- 
crolenses in an almost perpendicular manner. The lights 
are focused via the surface of the microlenses to increase 
the luminous flux projected onto the sensing cells. The 
image quality is thus improved. 

[0013] The above is a brief description of some deficiencies in 



the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0014] FIG. 1 is a schematic diagram of a side view of a scanning 
module of a conventional optical scanner. 

[0015] FIG. 2 shows the light path in the conventional scanning 
module. 

[0016] FIG. 2A is an enlarged view illustrating how the incident 
lights of FIG. 2 enter into the microlenses. 

[0017] FIG. 3 shows the light path in the image capturing device 
in accordance with an embodiment of the present inven- 
tion. 

[0018] FIG. 3A is a schematic diagram illustrating how the inci- 
dent lights of FIG. 3 enter into the microlenses in accor- 
dance with the embodiment of the present invention. 
Detailed Description 

[0019] FIG. 3 shows the light path in the image capturing device 
in accordance with an embodiment of the present inven- 
tion. The image capturing device includes an optical im- 



age formation structure comprising at least a lens and an 
image sensing device. The image sensing device is dis- 
posed on the light axis of the lens. The image sensing de- 
vice can be a CCD device or a CMOS chip. In addition, the 
optical image formation structure further includes a light 
source and a plurality of reflectors inside the chassis of 
the scanning module. In this embodiment, the scanning 
module of the optical scanner is used for the purpose of 
illustration,. However, the present invention also can apply 
to other image capturing devices such as digital cameras 
and digital camcorders. 
[0020] Referring to FIG. 3, the scanning module comprises a 

chassis (not shown), a light source 212, a plurality of re- 
flectors 214, 216, 218, a lens 220, and an image sensing 
device 222. The light source 212 can be a fluorescent 
lamp or an LED array on the top surface of the chassis. 
The light source 212 emits the light to the scan-pending 
document 20. The reflectors 214, 216, and 218, the lens 
220, and the image sensing device 222 are inside the 
chassis. When the light source 212 emits the light on the 
document 20, the image of the document 20 can be 
formed on the image sensing device 222 by focusing via 
the lens 120 and reflecting via the reflectors 214, 216, 



and 218. 

[0021] | t should be noted that in the scanning module, the image 
scanning device 222 includes 3 columns of sensing cells 
(FIG. 3 only shows one column of sensing cells 224 and 
226). The light ray projected onto the image sensing de- 
vice is represented by red light R, green light G, and blue 
light B, which are projected onto the corresponding 
columns of sensing cells respectively to obtain the corre- 
sponding light intensity of the red light R, green light G, 
and blue light B. The intensities of the red light R, green 
light G, and blue light B are converted into the output 
analog signals. Each of the sensing cells represents a 
pixel. A column of sensing cells divides the image of the 
document 20 into several pixels. The sensing cell 224 lo- 
cated at the central area receives the light ray that is basi- 
cally perpendicular to the light axis of the lens 220. The 
farther the sensing cell 226 is located at the area away 
from the central area, the larger is the incident angle of 
the light ray entering into the sensing cell 226. To prevent 
a total reflection due to the incident angle larger than the 
total reflection angle, non-semicircle microlenses 234 and 
236 are used on each of the sensing cells 224 and 226 or 
at the two sides of the sensing cell 226 in this embodi- 



ment, in order to increase the luminous flux projected 
onto the sensing cells, which improves the image quality. 

[0022] FIG. 3A is a schematic diagram illustrating how the inci- 
dent lights of FIG. 3 enter into the microlenses in accor- 
dance with the embodiment of the present invention. The 
microlens 236 is located directly above the sensing cell 
226. The material of the microlens 236 can be the poly- 
mer or other transparent organic materials. The top sur- 
faces of the microlenses 234 and 236 include a plurality 
of notches 242 as the input windows of the incident light 
ray. Each of the plurality of notches 242 can have a same 
slope or a different slope to change the incident angle of 
the light ray. The bottom surfaces of the microlenses 234 
and 236 include a plurality of round curves 246 as an 
output window for further focusing the light ray. 

[0023] Referring to FIG. 3A, when the light ray enters the top 

surface of the microlens 236 at an incident angle, accord- 
ing to the law of refraction, if the incident angle 6is larger 
or equal to the total reflection angle, the total reflection 
will occur. Otherwise, when the light ray enters the top 
surface of the microlens at an incident angle 6 smaller 
than the total reflection angle, the total reflection will not 
occur. In this embodiment, a plurality of notches 242 are 



used as the input windows for the microlenses 234 and 
236, so that the incident angle at the surface of the 
notches 242 is smaller than the total reflection angle. 
Hence, the light ray with the first refracting angle 
61(61<6)enters into the surface of the notches 242. Then 
the round surfaces (such as semicircle surfaces) are used 
as the output windows for the microlenses 234 and 236. 
Further, the light ray with the second refracting angle 
61(61<6)exits form the round surfaces. Finally the light 
ray is projected onto the sensing cell 226. The light ray, 
after being twice refracted, is almost perpendicular when 
entering into the sensing cell 226. In addition, the light 
ray will not shift as in the conventional scanning module. 
Hence, the image quality is improved and the luminous 
flux increases in accordance to the invention. 
[0024] Referring to FIG. 3, the top surfaces of the microlenses 
234 and 236 are connected together to form a series of 
notches. Because both the microlenses and the sensing 
cells are linearly arranged, the incident angles at the mi- 
crolenses 234 and 236 are different. Further, the slope of 
each notch 242 is different, wherein the slope at the cen- 
tral area is lower than that at the side area (as shown in 
FIG. 3A), and the slope decreases gradually from the out- 



ermost notch 242 through the innermost notch 242 
(4> 1<4>2<4>3). Further, since the light ray can enter per- 
pendicularly into the microlens 224 at the central area, 
the top surface of the microlens 224 at the central area 
can be a flat surface. For example, the slope of the notch 
at the central area is close to zero = 90°). 

[0025] | n summary, the image capturing device of the present in- 
vention, such as, a scanning module, digital camera, digi- 
tal camcorder, etc, at least includes a lens and an image 
sensing device, and each of the sensing cells of the image 
sensing device has a microlens to increase the luminous 
flux. When the light ray enters into the top surface of the 
microlens, the slope of the notch can change the incident 
angle of the light ray to prevent a total reflection or a de- 
flection. When the light ray exits from the bottom surface, 
the round surfaces of the microlens can further focus the 
light ray in order to improve the image quality. 

[0026] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 



strued as limiting the scope of the invention which is de- 
fined by the following claims. 



